RESEARCH SUMMARY Data from remeasured (or permanent) forest growth plots are a valuable resource to forestry organizations. To fully utilize these data, systems for managing the data are necessary. In 1988, a survey of forestry organizations was conducted to evaluate existing systems for managing remeasured plot data. For evaluation purposes, 12 desired features of a data base management system (DBMS) for remeasured plot data are described, including: • import/export large amounts of data • edit data already in the data base • error-check data • store large amounts of data • store remeasurement data • safeguard the data and their integrity • provide for recording commonly measured plot and tree characteristics • ability to add new data fields • selective retrieval of data from the data base • accessibility of the data base software at a reasonable cost • adequate documentation and help facilities • analysis/reporting capabilities.
including the development and validation of forest growth and yield models, the documentation of changes in forest inventory, and the monitoring of forest health.
A system for properly managing the data from these plots is essential to their eventual use.
Remeasured plots are typically expensive to install and maintain. Therefore, in recent years, organizations have been formed for sharing existing remeasured plot data or for combining resources to install new plots. One such organization, the Inland Northwest Growth and Yield (INGY) Cooperative, consists of a group of universities, Federal and State forestry agencies, and forest industries in the Northern Rocky Mountains.
A major thrust of INGY in recent years has been the consolidation of existing plot data from member organizations into a common data base for use in growth and yield model validation. Utilizing data from these diverse sources has been cumbersome, time consuming, inconsistent, and very costly, because of two major factors: (1) the use of different formats and codes by organizations to store information and (2) the lack of capabilities within organizations to adequately manage the data. We addressed the first factor by designing a data structure that provides a standardized format for the exchange of remeasured plot data (Sweet and Byrne 1990) . The second factor, the management of data, is the focus of this report. This paper reports on the results of a 1988 survey of organizations that manage data from remeasured plots. In order to evaluate these data base management systems (DBMS), we defined a set of desirable system features.
DESIRABLE SYSTEM FEATURES
We defined 12 major features that a DBMS for remeasured plot data should have, based on our experiences in managing data from remeasured plots within our own organizations and with cooperators. These features are briefly described below.
1. Import/export large amounts of data. The system must allow the input of plot data from existing files (that is, import). For exchange of data, the system must allow the exporting of data to a common format that is acceptable to other computer systems.
2. Edit data already in the data base. Data may not be complete or correct when entered into the data base, so the changing of existing data or the addition of more data must be easily done.
3. Error-check data. (FORS) , an international nonprofit association that supports and promotes the use of computers in forestry, were contacted. In addition, other members of the forestry profession known to have at least some interest in this field were included on the mailing list. In total, more than 270 organizations were contacted from both the United States and Canada. Questionnaires were sent out in December of 1987, with requests for return by early February 1988. A total of 133 responses were received from this initial mailing.
Second Questionnaire
A second questionnaire (appendix B) was developed for those respondents of the first questionnaire who indicated the existence of a system for managing permanent plot data. This second questionnaire was far more detailed and addressed more specifically the desirable system features that were only touched upon in the first questionnaire. Of the 47 individuals who were mailed this second questionnaire, 36 returned completed questionnaires. The responses received from the second questionnaire were then summarized in tabular form. A rating procedure was developed to evaluate each system's capabilities in regard to the 12 desired DBMS features.
EVALUATION OF DATA BASE
MANAGEMENT SYSTEMS Criteria were developed for evaluating the strengths and weaknesses of each of the 36 systems (those with responses from both the first and second questionnaires). The evaluation was based strictly on answers provided by the organizations responding to the questionnaires. No specific tests have been done to validate actual system components and their adequacy. Nevertheless, we believe that this evaluation provides the necessary information to determine any general trends among the systems as to attributes that are adequately (or inadequately) addressed. Our intention in doing this evaluation was not to pass judgment, either positive or negative, on any of the systems for we realize that organizations have limits on the resources they can expend to implement all of these desired features.
System for Rating DBMS Criteria
For each of the desirable DBMS features described previously, a simple rating of +, 0, 0+, 0-, orwas determined for each system, based on how many of the criteria for that feature were met. Each of the DBMS features had one to three criteria. If there was one criterion, a rating of + was given if the criterion was met orif the criterion was not met. If there were two criteria, a rating of + was given if both criteria were met, if only one of the criteria were met, orif neither of the criteria were met. For those features with three criteria, a rating of + was given if all three criteria were met, 0+ if two of the three criteria were met, 0if one of the three criteria were met, orif none of criteria were met. Table 1 presents a tabular summary of the rating system.
Criteria for Rating DBMS Features
The criteria used in determining the rating for each DBMS feature and the questions used from 1. Import/export large amounts of data.
•Criteria 1. Capable of importing large amounts of data.
•"Yes" response to Ql-9.
•Criteria 2. Capable of exporting large amounts of data.
•"Yes" response to Q2-III-H7.
2. Edit data already in the data base.
•Criteria 1. Capable of editing data already in the data base.
•"Yes" response to Ql-10 (or any response to Q2-III-C1).
•One of the following two requirements are met: (1) Stand and plot attributes are initially calculated (Q2-II-7) and "Yes" response to Q2-II-8 (automatic update when changes made in data base), or (2) stand and plot attributes are calculated upon request (Q2-II-8).
•Criteria 2. Available linkage with statistical software.
•"Yes" response to Q2-III-K1 and a statistical software package is listed for Q2-III-K1.
•Criteria 3. Capable of generating reports, especially for incremental changes over time.
•Both of the following requirements are met:
(1) "Yes" response to Q2-III-K5 (incremental change report), and (2) a "Yes" response to at least one of the following questions: Q2-III-K3 (standardized reports), Q2-III-K4 (user-defined reports), Q2-III-K6 (data base summaries).
System Ratings
The ratings for each system reviewed are given in table 2. All organizations are given a numbered code for tabulation purposes. These numeric codes are referenced to the organization name in table 3. Some organizations requested anonymity in any publications based on the questionnaires. These organizations have been designated "Organization A," etc., to protect their identity. Whenever a 0, 0+, or 0rating is given in the table, a footnote describes the part of the criteria that the system did not meet (see table 4 for the definitions of these footnotes). An * in the table indicates that the questionnaire response was insufficient to evaluate the system for that particular DBMS feature. Most of the systems could import and export data (feature 1). There were a few that had trouble exporting data. All of the systems possessed a technique for editing the data already in the data base (feature 2).
Half of the systems did not meet the error-checking criteria (feature 3). The criteria were purposely designed to be stringent due to the importance we feel this feature has to the quality of data. Most of these systems failed to use previous measurements to check the reasonableness of current measurements. This error-checking technique is one of the most useful we have found for detecting errors. Many of the systems also did not check for unique tree numbers in each plot, which becomes especially important for (1) larger plots with many trees and (2) plots with a large number of new ingrowth trees. Only one of the systems depended strictly on human error-checking as opposed to machine-driven procedures. Though human errorchecking can be beneficial, we believe well-designed, machine-coded procedures are more efficient and better detectors of most errors.
Storage of large amounts of data (feature 4) was limited only by hardware constraints (a + rating) for most of the systems. The DBMS software should not limit the amount of data that is potentially storable.
Most of the organizations have experience collecting remeasurement data (feature 5). The criterion most commonly failed was the inability to merge remeasurement data with existing data. This is a very necessary procedure because it is vital to assessing changes in plot summary and tree attributes over time, probably one of the main reasons for using remeasured plots.
All of the systems had a procedure for safe backup of the data base (feature 6). And most adequately protected the integrity of their data base by assuring that only approved persons have direct access to the data and that safe procedures are used to enter new data into the data base. Recording changes made to the data base presented a major problem for many of the systems. Only a few had a way of automatically recording changes; most relied on the person making the change to document it. Automating the procedure guarantees that a listing of changes is maintained.
We suspect that most of the systems were designed to meet the data needs for a specific inventory or research study. No place is this more apparent than with feature 7, the recording of commonly measured plot and tree attributes. Most provided the capability to record some data for at least six measurements, but many had difficulty when it came to fully describing sampling designs and common measurements. Many of the systems were adequate for one specific design, namely their present inventory or research study design, but were of limited use for describing other designs. Many could not record information at the subplot level, the hierarchical level commonly used for collecting small tree measurements (see Byrne and Stage [1988] for a detailed discussion of sampling designs). Of the 27 systems that failed the criteria on storage of common plot and tree characteristics, most of them were not able to record comments (for example, a unique feature about a plot or tree that existing data fields do not address). More than one-third could not describe plot location and/or types of stand disturbance. The inability to geographically reference plot location seems to be a major omission. Nearly half of the systems do not have the capability to add new data fields (feature 8). Because data needs will often change over the time that remeasured plots are monitored, the ability to add new data fields is a real advantage, possibly preventing a major reprogramming effort in the future. Selective retrieval of data from the data base (feature 9) is a necessary part of the DBMS when analysis of the data is required. Many of the systems have retrieval capabilities, most often with plot-level data fields as search criteria (for example, retrieving data from all plots with a site index greater than 70, etc.).
Using tree-level data fields as search criteria was not possible for many. An example of such a search would be looking for all Douglas-fir (Pseudotsuga menziesii) trees greater than 5 inches d.b.h. growing on southfacing slopes. Tree-level searches become more important when the remeasured plots are used as a basis for improving an individual tree growth and yield model.
The next feature (10), accessibility of the data base software at a reasonable cost, was difficult to evaluate for many systems because of the lack of information provided in the questionnaire (* in table 1). Cost of the DBMS software was difficult for many to provide, especially because many of the organizations had developed their DBMS software in-house. Some of the organizations were unsure whether their DBMS software was proprietary. For the systems for which cost and proprietary nature were known, the main reason for failing the criteria was expense of DBMS software.
Adequate documentation and help facilities (feature 11) are present on only about one-third of the systems (defined by a user's manual plus one of the following:
interactive help, user-support services, sample data set, or tutorial). In addition, more than half of the systems require a person that is experienced or expert in computer knowledge to use the system. Because of these two attributes it would probably be difficult for a new user to quickly learn how to use many of these systems. On the positive side, most systems have well-documented file structures. Most of the systems are able to generate some summary reports based on the data base (feature 12). A majority could also produce a report on incremental changes over time. But few had a direct linkage to a statistical software package. For those that did not have this direct link, many exported the desired data to an outside file in a readable format, and then had their statistical software program utilize this generated data file. Though a direct link would be desirable, this alternative method at least provides a convenient way for the data to be used by external statistical software.
Additional Features
The last question on the first questionnaire asked the person to list any additional capabilities their system needed to improve performance for their applications. Half of those surveyed with existing systems indicated that some additional features would be useful. Of the additional features that were needed, many of them were related to the DBMS features previously described. Most of the needs listed fell into the general categories of ease of use and analysis. Other responses were related to error-checking, storage, and retrieval of data.
The large number of responses related to ease of use suggests that some of the systems are highly dependent on experienced users, potentially limiting the use of these valuable data by those with lesser skills.
The number of responses seems to suggest a desire to develop systems that are accessible to a range of users, from novice to highly advanced. The responses related to ease of use include the addition of user-friendly menus for operation, full-screen and interactive editing, easier methods for inputting field data, better data output capabilities, direct access or links to statistical, graphics, and GIS software, the system programmed in the up-to-date version of the base language instead of out-dated earlier versions, and, finally, better PCbased systems instead of systems dependent on minior mainframe computers.
A need for an improved ability to analyze the data was emphasized by some of the respondents. Within the DBMS, analysis needs included listing and plotting growth computations on the computer screen and programs for comparing and analyzing data from several measurements together. There was also a need by several users to interface the data base with analysis programs, written in FORTRAN and other languages, that resided outside the DBMS.
Several respondents felt that they needed better error-checking capabilities or error-checking that could be used in an interactive mode. Two of the responses indicated a desire for better storage of data, namely, data stored without repetition or storage of more than one measurement period's data in the same files. In regard to retrieval of data, respondents wished for improved search techniques as well as faster processing of search requests.
CONCLUSIONS
To take full advantage of the investments made in remeasured plots, the data must be carefully managed. The evaluation of existing systems, as well as the de- Can your data management system handle more than one measurement period (i.e. more than 2 measurements from a plot)?
Yes
No 3.
Is your system proprietary within your organization and therefore not releasable to other organizations?
What is the make and model of the computer that your system uses (i.e., IBM-PC, DEC Microvax)? 5.
What operating system does your system use (i.e., MS-DOS, VAX/VMS)? Please list the commercial software packages and/or the programming languages used by your system.
9.
Is it possible to import plot and tree data into your system (i.e. data built with an external editor, data from other software packages, data from portable data recorders)?
Yes
No 10.
Does your system have an editing procedure for use in changing data already in the system?
No 11. INGY has defined terms to define the hierarchical structure associated with permanent plot designs. The terms listed below identify sampling levels in this structure that range from most encompassing to least encompassing. Check the hierarchical levels that are represented in your system. Others:
Study (A grouping
2.
Is your system restricted to any particular sampling scheme or plot configuration?
Yes
If (2) above is YES, briefly describe the sampling schemes or plot configurations that can be described with your system.
4.
Do data fields exist in your system for description of plot location (i.e. latitude/longitude, UTM coordinates, legal description, etc.)?
Yes
No 5.
Do data fields exist in your system for description of site characteristics (i.e. elevation, slope, aspect, ecological habitat type, site index, site productivity class, etc.)? Yes No 6. Do data fields exist in your system for description of calculated stand attributes (i.e. trees/acre, basal area/acre, quadratic mean diameter, etc.)?
No 7.
If your answer to (6) is YES, which option below describes the calculation of stand attributes:
Stand attributes are initially calculated for each measurement and then stored in data fields.
Stand attributes are not stored in data fields but are calculated upon request.
Other method (please describe):
8.
If your answer to (6) is YES, are the calculated stand or plot attributes automatically updated when changes are made to the tree data?
No 9.
Do data fields exist in your system for description of stand disturbances (i.e. thinning, fire, brush control, site preparation, etc.), both before and after plot establishment?
No 10. Do data fields exist in your system for description of measurement dates?
No 11. Do data fields exist in your system for individual tree attributes (tree number, species, condition, diameter, height, crown measurements, etc.)?
No . 12. Is it possible to use open-ended data fields in your system? (i.e. one to many values for an attribute can be stored in one field, possibly delineated by some delimiter such as a comma, or space.)
No 13. Does your system include on-line documentation of data field definitions?
No 14. Are attributes provided within your system to document the precision at which tree data is collected? For example, the precision at which height measurements are taken may vary from clinometer measurements, to ocular estimates, to estimates from a dbh/height regression equation, etc. Is such information documented in Does the user have a choice in the type of storage medium used to store the data?
Please enclose a sample of and documentation for the file formats used in your system, if this is appropriate and convenient.
4.
Is it possible to designate some users as read-only, that is, able to use the database without changing the master database in anyway?
